Iridescent virus types 22 and 23 possess a protein kinase which phosphorylates most, but not all, of the virus structural polypeptides in vitro.
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Short communications l, 5 and 9, no detergent; 2, 6 and to, 05 % NP4o; 3, 7 and I l, 2"5 % NP4o; 4, 8 and i2, o'5 % SDS. (b) Substrate specificity of the protein kinase of adenovirus type 5 and iridescent virus type 22. (A) Coomassie blue-stained gel and (B) corresponding autoradiograph: I to 3, adenovirus type 5 ; 4 to 6, iridescent virus type z2 ; 7 and 8, no virus. Calf thymus histones (33o/~g/ml) were added to reactions shown in 2, 5 and 7; casein (33o/zg/ml) was added to reactions shown in 3, 6 and 8. Analysis of polypeptides was performed on discontinuous S D S -p o l y a c r y l a m i d e slab gels containing a linear to to 25 % acrylamide gradient (Russell & Blair, 1977) . A u t o r a d i o g r a p h y or ftuorography was carried out by standard procedures. Analysis of phosphothreonine and phosphoserine by high voltage paper electrophoresis was performed as described by Blair & Russell (I978) .
S h o r t c o m m u n i c a t i o n s
A comparison of the phosphorylation of adenovirus type 2 polypeptides with that of iridescent virus types 22 and 23 by their endogenous protein kinases is made in Fig. I (a), which shows Coomassie blue-stained gels of the virion polypeptides and the corresponding autoradiographs. Both iridescent viruses contain a protein kinase which is active in untreated virus and whose activity in the case of iridescent virus type 23, but not iridescent virus type 22, is enhanced by treatment with NP40. Treatment with SDS completely inhibits phosphorylation by all viruses tested. The kinase is apparently appreciably more active in the iridescent virus preparations than adenovirus. Most, but not all, of the iridescent virus structural polypeptides are phosphorylated. The major structural polypeptide (VP53) or iridescent virus 23 but not 2z becomes more extensively phosphorylated on treatment with NP4o. The major in vitro phosphoproteins of both iridescent virus type 22 and type 23 are polypeptides of mol. wt. approx. ~0000.
The substrate specificity of the iridescent virus type 22 protein kinase was tested by adding calf thymus histones and casein to the reaction mixture and the results are shown in Fig.  I (b) . It can be seen that both iridescent virus type 22 and adenovirus type 5 can phosphorylate both histones and casein and that these added substrates do not appear to compete extensively with the virus structural polypeptide phosphorylation sites. In common with the adenovirus protein kinase, the virion protein kinases of IV 22 and IV 23 were not stimulated by cAMP when tested over a concentration range of IO -G M to fo -z M (data not shown).
The nature of the phosphoprotein bond was investigated to show that the y32p of ATP was transferred and covalently bound to iridescent virus proteins. It was unlikely that 7-3~P-ATP was passively bound to protein since no labelled phosphate was associated with virion polypeptides in unincubated reaction mixtures. Analysis of labelled phosphoaminoacids hydrolysed by 2 M-HC1 from in vitro produced s~P-labelled virus using high voltage paper electrophoresis is shown in Fig. 2 and shows that serine can act as a phosphate acceptor. Labels in in vitro produced phosphoproteins were also susceptible to hydrolysis by alkaline phosphatase (which is specific for phosphomonoester bands) and so it is likely that phosphoserine and pbosphothreonine are the only amino acid acceptors for phosphate. Little phosphothreonine was detected and required gross over-exposure of the paper to detect it.
Our results demonstrate that small iridescent viruses which have been extensively purified contain an endogenous protein kinase and this confirms the suggestion of Blair & Russell (1978) that some non-enveloped viruses contain protein kinase activity. The activity associated with iridescent viruses is extremely active and so probably parallels the activity associated with frog virus 3. Although iridescent viruses are non-enveloped and frog virus 3 is enveloped it is probable that the enzyme reported for frog virus 3 is associated with the non-enveloped virus particle and not the enveloped one since enveloped viruses are difficult to purify (R. M. Elliott & D. C. Kelly, unpublished observations; A. M. Aubertin, personal communication) and that the frog virus 3 enzyme is, in fact, typical of a nonenveloped virus. The enzyme activity associated with the small iridescent viruses is similar in its basic properties to both frog virus 3 and adenovirus 2 and 5 protein kinase (Silberstein & August, I976a, b; Tsiapalis, t977; Akusjarvi et al. I978; Blair & Russell, T978) . The virion kinase phosphorylates some but not all of the structural polypeptides in vitro and can also phosphorylate other external phosphate acceptors such as casein and histones in a non-competitive fashion. In common with many other virion protein kinases, including those of the adenoviruses and frog virus 3, enzyme activity is not stimulated by cyclic nucleotides (Rubin & Rosen, ~975). The iridescent virus structural polypeptides which are phosphorylated are predominantly low mol. wt. and are the internal polypeptides (determined by iodination and protease digestion methods; N. The function of protein kinases in virus particles is unknown although with frog virus 3 it has been tentatively suggested that it may play a role in non-genetic reactivation (Gravell & Cromeans, I972 ) . Although phosphorylation of proteins can considerably affect their functional efficiency and thus may constitute a fine control on virus replication (Rubin & Rosen, r975) , it is difficult to determine at what stage in the virus replication cycle the enzyme actually becomes functional.
It is interesting that the protein kinases of two distinct groups of DNA-containing viruses
